Abstract. Bounds to the Nordtvedt parameter are obtained from the motion of the first twelve Trojan asteroids in the period . From the analysis performed, we derive a value for the inverse of the Saturn mass 3497.80±0.81 and the Nordtvedt parameter -0.56±0.48, from a simultaneous solution for all asteroids.
Introduction
The asteroids located in the vicinity of the equilateral triangle solutions of Lagrange (L 4 and L 5 ), known as the Trojan asteroids, are particularly sensitive to a possible violation of the Principle of Equivalence (Nordtvedt, 1968) because they act as a resonator selecting long period perturbations. Theories of gravitation alternatives to General Relativity predict a difference between inertial (m i ) and passive gravitational (m g ) masses of a planetary-sized body (the so-called Nordtvedt effect) equal to:
For the sun, the correction term ∆ is equal to:
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M ⊙ is the solar mass, R ⊙ is the solar radius and η, the Nordtvedt parameter, is a linear function of the PPN parameters (Will, 1981) . It can be shown that the null result that General Relativity predicts comes from the cancellation of several large contributions to ∆; and thus a null result for the Nordtvedt effect becomes a strong test of General Relativity.
The standard value of ∆ ⊙ is ∆ ⊙ = 1.59 10 −5 η.
For η ≃ 1, this term produces a shift of the Lagrange points, L 4 and L 5 , toward
Jupiter by an amount of approximately one arcsecond. This effect is very large and easily discerned by standard astrometric techniques if systematic errors can be controlled in the photographic observations.
In 1988, we realized a first determination of the Nordtvedt parameter using the first six Trojan asteroids (Orellana-Vucetich, 1988) , and we obtained a value of η = 0.0±0.5, in agreement with the General Relativity prediction. In this paper, we incorporate six new asteroids and we increase the span of observations. The enlarged set permits a rigorous analysis of systematic errors, specially biases in the star catalogue reference system.
In the following sections, we shall discuss the new results.
Data set and Ephemeris
As discussed in the previous work, only those asteroids with a minimum observation time of 60 years were selected, which is required to determine the mass correction of Saturn.
An error in the Saturn mass introduces a spurious shift in the Lagrange equilibrium point.
At present, six new Trojan asteroids can be incorporated giving rise to twelve asteroids satisfying that condition.
The observations were obtained from the MPC (after 1950) and from several publications (before 1950) from 1906 to 1990. A total amount of 1383 observations were employed (see Table 1 ), which were reduced to astrometric position and the observation time to ephemeris time. This observational material will be separately published.
The equations of motion of each Trojan asteroid were numerically integrated, together with those of the outer planets, using a heliocentric coordinate system referred to the equinox and equator of 1950.0. A standard predictor-corrector of fifth order with a step of five days was used for the numerical integration. The positions of the outer planets were tested with the standard ephemeris (Eckert, 1951) . Besides, the variational equations for each asteroid and Jupiter were simultaneously integrated. 
The new results
The initial conditions for each asteroid were obtained from the Ephemeris for Minor Planets 1991, for the epoch 2448600.5JD, and were adjusted through a differential correction in order to obtain a reference orbit. Table 2 shows the initial conditions for the reference orbit of each asteroid and Table 1 shows the remainding observations once those with residuals larger than 3 were eliminated (Arley, 1950) .
By using this reference orbit, several adjustments were carried out for each asteroid.
The obtained results are illustrated in Table 3 and 4. Table 3 shows the separate and the joint solutions of the inverse of the Saturn mass and the Nordtvedt parameter with the orbital elements of each asteroid.
The values of the inverse of the Saturn mass are in rough agreement with those This fact suggests the existence of systematic errors in the reference system of the star catalogues. In order to analize this effect, a simultaneous adjustent of all 12 asteroids was made. A total of 77 parameters were adjusted, including the correction to the Saturn mass,the Nordtvedt parameter and three parameters that describe biases of the star 
Conclusions
On the data shown in Tables 3 and 4 are based the main results of this paper. Let us discuss them in some detail. The dispersion of the inverse of the Saturn mass and the Nordtvedt parameter in Table 3 suggest the existence of unmodelled systematic errors and, in particular, the strong correlation of η with the preceding or receding position of the asteroid with respect to Jupiter, shows the influence of the equinox shift in the star catalogue reference system on our results. This latter quantity, indeed, must introduce spurious shifts δη in the Lagrange points L 4 and L 5 but with opposite signs. The same should be true for an error in the Saturn mass.
We can confirm the above comments with a simple reduction of the η and M S values in Table 3 . We use the following equation to model the mass and equinox errors:
where τ = ±1 according to the preceding or receding position of the asteroid with respect to Jupiter. We obtain
and these values are in very good agreement with other determinations. The very simple model (Eqs. (4) and (4)) takes into account very well the main systematic errors in our determinations.
On the other hand, the results in the first line of Table 4 come from a similar but more complex (and more realistic) model for systematic errors. The non zero value of η is at variance with the LLR results, and one should attempt a more rigorous estimate of the errors.
A robust procedure for error estimation is the so called jackknife process (Kinsella, 1986 ; Miller, 1974) . It is a rigorous generalization of the well known process of discarding part of a data set to test the sensibility of a result computed from it. Let η 0 be the value of η computed from the full data set of size N , and let η i be the values obtained deleting the set of n i obsevations corresponding to asteroid i from the data set. The Jackknife process consists in forming the pseudovalues:
which are treated as independent identically distributed random variables and the value and error of η are computed from them. As a general rule, jackknife error estimates are larger than least squares estimates, since the process of forming pseudovalues enhances nongaussian contributions to the dispersion, such as introduced by nonlinearities and local distortions in star catalogues.
The jackknife procedure, applied to the value of Table 4 , yields the results quoted in the last line of the table. All the jackknife errors estimates are about twice as big as the least squares error estimates, probably due to the existence of unmodelled systematic errors in the data set. The jackknifed estimate of η is now consistent with zero. As we have mentioned in (Orellana-Vucetich, 1988 ) the gravitational energy of the Sun is overestimated in Eq.
(1) by a factor 4. The final result for the Nordtvedt parameter in this paper is:
consistent with zero and not very different from our former result (Orellana-Vucetich, 1988 ) . Our Eq. (9), however, includes a rigorous jackknife estimate of external errors.
Our results confirm the possibility of obtaining good estimates of the Nordtvedt parameter from the motion of the Trojan asteroids. Both the simple model of Eqs. (4) and (4) and our more elaborate jackknife analysis show that most of the errors come from the catalog reference system biases. A new reduction of the available plates with respect to the forthcoming Hipparcos catalog should yield an estimate of η ten times as accurate as Eq. (9), of the order of magnitude of LLR determinations. Since the Nordtvedt effect is a strong test of General Relativity (Will, 1981) , we think it is worth the efforts to test for its existence.
